The Accelerators
The SHILAC accelerator is capable of accelerating ions from hydrogen through uranium. Ions exit the SHILAC with an energy of about 8.5 MeV/A and a momentum spread of 0.3% 5 Ap/p I 1.2% . After injection into the Bevalac, the ions can be accelerated up to an energy of 2100 MeV/A (for q/m = 1/2). Typical intensities exiting the Bevalac range from lo7 for the heavier elements to over 10" for the lighter elements.
The Transfer Line
The Bevalac transfer line, composed of some 12 dipole magnets and 32 quadrupole magnets as well as beam profile monitors, transports beam from the exit of the SuperHILAC to injection into the Bevalac. The beam envelopes of the transfer line for the design optics are shown in Figure 1 . The horizontal envelope is shown on top, the vertical envelope on the bottom, with the dispersion shown as a dashed line. The optics in the transfer line are complicated by the fact that it has two horizontal bend sections (see Fig. 1 ), one vertical bend section, as well as a rotated bend section. The momentum spread of the beam is large enough to significantly affect the beam size, and so the design optics requires that these four bend sections be tuned to be achromatic.
Emittance slits were installed at the exit of the SHILAC and near the end of the transfer line as shown in Figure 1 . The slit plate was made of 1/8 in. tantalum with 0.014 in. slit widths. The two slits plates were separated by about 2 m. With a Faraday cup installed behind the downstream slit to measure the beam intensity information, slit 1 scanned across the beam in 1 mm steps. Slit 2 was then repositioned, and the scanning procedure was repeated. This arrangement is shown schematically in Fig. 2 . Intensity and slit position information were recorded and fed into a computer program that calculated moments and emittance areas. One such result, given in Fig. 3 , shows the 30%, 60% and 90% beam area emittance ellipses for a 2oNe beam measured at the slits located at the exit region of the SHILAC. 
Emittance Exchange
A comparison was made between the horizontal and vertical emittances at the exit of the SHILAC. Shown in Fig. 4 is a scatter plot of the vertical emittance, & vs the horizontal emittance, E, , at the exit of the SHILAC for 30%, 60% and 90% beam areas. The measurements were made on a variety of beams : H, He, C, Ne, Si, Ar, Ca, Fe, Ni and Nb. The results are scattered about (&y/&x)sHILAC =l. However, for any particular SHILAC tune this ratio was fairly uniformly distributed in the range 0.4 to 1.8. The variation in SHILAC emittance is often due to beam misalignment in the accelerator showing up in the measurements as clipping of the emittance ellipse.
The transfer line has a rotated magnet section that mixes the horizontal and vertical emittance planes. In this section magnets are rotated 8.82' clockwise with respect to the incoming beam. At the end of the section the magnets are rotated 21.5' in a counterclockwise direction. To negate the emittance mixing, the design optics requires that this section be tuned to be achromatic, and the emittances in the horizontal and vertical planes have the same magnitude and orientation at the entrance to the rotated section. In order to examine emittance exchange due to the rotated magnets, we calculated the ratio of the emittances at the Bevalac and SHILAC, &(Bevalac) /&(SHILAC) for both the horizontal and vertical planes and compared these ratios to the ratio of vertical to horizontal emittances at the SHILAC exit, (&y/EX)sHILA& Figure 5 shows the dismbution of this ratio in the vertical plane for several different values of (&y/&x)sHILAC. The vertical dispersion measured at the Bevalac slits was small, 11 5 0.25 m for all beams measured as expected from the design optics and does not contribute significantly to the vertical emittance. The measurements shown in Figure 5 follow the type of dependence we might expect if the emittances are mixed. That is, if the vertical emittance is greater than the horizontal emittance at the exit of the SHILAC, (&y/&x)sHILAC > 1, then the ratio of vertical emittance at the Bevalac to the vertical emittance at the SHILAC should be less than 1. In fact, we see that when (&y/&x)sHrLAC = 1, then &(Bevalac)y /E(SHILAC) = 1. To be as close to injection as possible, required that the 6evalac slits be installed in a location where there is significant horizontal dispersion, qX = -2.29 m and the slope of the dispersion, qIx =-0.045. In Figure 6 we plot the ratio of the Bevalac to the SHILAC horizontal emittances against the SHILAC "mismatch" parameter, (&y/&X)sHILAC. The trend in the data is consistent with the emittance exchange in the vertical plane. However, before we can look directly at the effect of the rotated section on the horizontal emittance, we first must deconvolute the dispersive part from the emittance measured at the entrance to the Bevalac. We cannot do this exactly, since we cannot measure all the necessary correlations between the x, %' , and Ap/p variables. 
